Leguminosae, Lupinus, Isoflavonoids, Isoflavone, Coumaronochromone Further investigation o f the isoflavonoids in white lupin roots has revealed a new coum a ronochromone with a 2-hydroxy-3-methyl-3-butenyl side chain (lupinalbin G), three new pyrano-isoflavones (lupinisoflavones K and L, and allolicoisoflavone B) and two new dihydrofurano-isoflavones each with a 2,3-dihydroxy-3-m ethylbutyl substituent (lupinisofla vones M and N ). The biogenetic pathways for these and other lupin isoflavones are briefly discussed.
Introduction
As reported in our earlier papers, the roots of white lupin (Lupinus albus L. cv. Kievskij M utant; Leguminosae) contain numerous isoflavonoids in cluding three simple isoflavones and a remarkable range o f complex derivatives characterized by mono-or diprenylation, or the possession of pyrano, dihydropyrano or dihydrofurano side structures [1] [2] [3] [4] . The roots of L. albus have also yielded a series of rare coum aronochrom ones [3, 4] , A further survey of the constitutive isoflavo noids in methanol extracts of white lupin roots has now revealed the presence of a new coum arono chromone (lipinalbin G) and an additional five complex isoflavones. Two of the latter (lupiniso flavones M and N) are the first plant-derived iso flavones to be recognized with a 2,3-dihydroxy-3-methylbutyl side structure although various n at urally occurring coumarins with this substituent have been reported [5] . Our previous studies [6 -1 0 ] have also shown that 2,3-dihydroxy-3-m ethylbutyl-substituted isoflavones are occa sionally produced as fungal metabolites when prenylated isoflavones are administered to cul tures of Botrytis cinerea and Aspergillus flax us.
Results and Discussion
The first com pound, lupinalbin G (1), proved to be a new coum aronochrom one with 5,7,4'-trihydroxy-and 6-(2-hydroxy-3-methyl-3-butenyl) sub stituents. On silica gel TLC plates viewed under long wavelength (365 nm) UV light, 1 fluoresced yellow-orange in common with other lupin coum aronochrom ones [3] . In methanol, 1 had a major UV >.max at 260 nm shifting bathochromically (± 10 nm) in the presence of A1C13 (C-5 OH) [11] , and broadening upon addition of NaOAc. This latter feature is typical o f 7-hydroxylated coumaronochrom ones, the methanol spectrum being quickly regenerated by the further addition of peared at a quite different position [13] . Thus the structure o f lupinalbin G can be depicted as in 1.
The second and third Lupinus compounds [lupinisoflavones K (2) and L (3)] were isomeric isoflavones (mol. wt. 436), each being found to contain, a 2 ,2 -dimethylpyrano group and a 2,3-dihydro-2 -( 1 -hydroxy-1 -methylethyl)furano sub stituent. Support for the presence of these two cyclic ether ring systems was provided by the MS fragments at m /z 377 (M + -5 9 ) and m /z 59 charac teristic o f the dihydrofurano attachm ent [9] , and the significant loss o f 15 mass units from the m o lecular ion to give the base peak at m /z 421, a fea ture typical o f the 2 ,2 -dimethylpyrano side struc ture (Fig. 2 ) [14] . Both com pounds were found to be hydroxylated at C-5 (bathochrom ic UV shift of the methanolic ^max induced by A1C13) [11] and C-2' (immediate development of a clear blue color with G ibbs reagent) [2, 15] . Assuming oxygenation at C-7 and 4' as in other Lupinus isoflavones, these two positions must be incorporated into the cyclic ether attachm ents. The detection of a prom inent fragment at m /z 185 ( [10] . 'H N M R data are also entirely consistent with the form ula tion of lupinisoflavone K as 2.
Because only small quantities of 3 were availa ble for investigation. 'H N M R data could not be obtained for this lupin isoflavone. However, we have assigned structure 3 to lupinisoflavone L for the following reasons. The detection of a MS frag ment at m /z 203 ( Fig. 2 ) indicated that the 2,2-dimethylpyrano side structure was located on ring A. This was placed in the linear position (6 -*7[0]) from the methanolic UV A.max at 282 nm (cf. alpinumisoflavone [16] and parvisoflavone B [2] each with a linear side attachm ent, Xmax MeOH 282 nm). In contrast, angular-type isoflavones (side structure 8 ->7[0]) such as derrone [16] and parvisoflavone A [17] have UV maxima at 270 nm). The dihydrofurano attachm ent o f 3 must therefore be located on ring B in the position shown (3, 3 '-*4'[0]) to satisfactorily account for the rapid Gibbs test response (clear blue; 2'-OH group with 5' unsubstituted) mentioned earlier [2, 15] .
The fourth Lupinus com pound (allolicoisoflavone B, 4) was isomeric (mol. wt. 352) with the known licoisoflavone B (5) [1, 18] , Hydroxylation at C-5 and C-7 was evident from bathochrom ic shifts of the methanolic UV >^max at 260 nm in duced by A1C13 and NaOAc respectively, whilst loss of 15 mass units to give the MS base peak at m/z 337 indicated the presence of a 2,2-dimethylpyrano side attachment. This was assigned to ring B, as in 5, from the prom inent MS ion observed at m/z 185. However, 4 was readily distinguished from its isomer 5 by TLC [e.g. R{ values for 4 and 5 in PEAa were 0.41 and 0.60 respectively; in CAAm, 0.19 and 0.29; and in CM , 0.24 and 0.56]. Both com pounds also differed in their Gibbs test response: 4 slowly gave a blue color similar to that of cyclolicoisoflavone A2 (side structure 3 '-*2'[0]) [2] whereas 5 reacted rapidly to give a clear blue color com parable with that noted for cyclolicoiso flavone A, (side structure 3 '->4'[0]) [2] . The above evidence supports structure 4 for allolicoisoflavone B, although it is unexpected to find in Lupi nus an isoflavone with a 3'-*2'[0] oriented side attachm ent when the 4'-OH is underivatized.
The two remaining com pounds, lupinisoflavones M (6 ; M + 456) and N (7; M + 472) were re cognizable as isoflavones from their characteristic UV spectra (Xmax, 266 nm in MeOH), and from the low-field 'H N M R singlet (2-H) at 5 8.17 (6 ) and 5 8.18 (7) . Both isoflavones were found to be hydroxylated at C-5 and C-7 (UV shifts induced by AICI3 and NaOAc respectively [11] ). A part from 2-H and four aromatic protons, the 'H N M R spec trum o f 6 revealed the presence of a 2,3-dihydroxy-3-methylbutyl substituent [9] and a 2,3-dihydro-2 -(l-hydroxy-l-m ethylethyl)furano side attach ment [9] , the former being assigned to C-6 (ring A) following a comparison with the glycol derivatives of wighteone, luteone (both with a C-6 side chain, and 8 -H at 5 6.45 and 5 6.49 respectively [6 , 8 ] ) and 2,3-dehydrokievitone (C-8 side chain, 6 -H at 5 6.34 [10] ). Location of the cyclic furan side attachm ent on ring A was precluded by the detec tion of OH groups at C-5 and C-7 as discussed above. Only three arom atic protons could be as signed to ring B of lupinisoflavone M. Since oxy genation at C-4' (cf. other Lupinus isoflavones) can be safely assumed, the furano side structure of 6 must be attached (3'->4'[0]) as in the known com pound lupinisoflavone C [2] . Chemical shift values reported for 2 -H (5 7.42), 5'-H (5 6.75) and 6 '-H (5 7.30) of lupinisoflavone C [2] were identical with those given by the ring B protons of lupinisofla vone M which, from the foregoing discussion, can thus be represented by structure 6.
Finally, lupinisoflavone N (7; M + 472 = 6 + [O]) was identified as the 2 '-hydroxy derivative of lupinisoflavone M (6). All the 'H N M R signals (A/C-ring, and side structure protons) evident in the spectrum of 6 were also given by 7, the differ ence between these compounds being that only two ortho-coupled protons could be assigned to ring B of 7. These must be located at C-5' and C-6 ' since no other B-ring arrangement is compatible with both the presence of a cyclic (3'-*4'[0]) side structure and an additional OH group. In fact the chemical shift values recorded for the A-and B-ring protons, and their associated side struc tures, were identical with those respectively report ed for luteone glycol [6 ] and lupinisoflavone D [2] thereby establishing 7 as the structure o f lupiniso flavone M. In a previous study [9] , 7 was identified as a fungal m etabolite (AF-d-6) of the diprenylated isoflavone 2'-hydroxylupalbigenin (= angu stone A). A com parison of the physico-chemical data for 7 derived from L. albus and fungal cul tures confirmed that the two com pounds were identical. As expected, on silica gel TLC plates sprayed with Gibbs reagent [2, 15] com pound 6 reacted slowly to afford a dark blue (genisteintype) color, whereas 7, with a 2'-OH group and the para (C-5') position free, immediately gave a clear blue color resembling that of cyclolicoisoflavone A, [2] , Fig. 3 shows the A-ring part structures o f all the white lupin isoflavones isolated during the course of this and previous studies [1] [2] [3] [4] . The com pounds are arranged in a plausible biogenetic sequence which requires the involvement o f a transitory epoxide interm ediate (c). As yet we have not been able to detect such an epoxide in L. albus extracts although we have recently found that an epoxide is formed during the conversion o f 7-0-methyl-2,3-dehydrokievitone to the corresponding glycol by cultures of Botrytis cinerea [19] . We believe that in white lupin a stereospecific epoxidation yields iso flavones with part structures d -i [2, 20] , and that a com parable step is involved in the fungal m etabo lism of prenylated isoflavones to give d-and e-type metabolites as well as f-type glycols [6] [7] [8] [9] [10] .
Crombie et al. [21] suggested the 0 2-dependent enzymatic 2,2-dimethylpyrano-ring formation via quinone methide in their recent study on deguelin (one of rotenoids) biosynthesis by Tephrosia vogellii. M ore recently, Welle and Grisebach [22] have proposed another reaction scheme for oxidative cyclization o f prenylated pterocarpans to glyceollin isomers in the elicitor-challenged soybean cell suspension cultures. Their N A D PH -and 02-de pendent microsomal enzyme(s) seems to catalyze the cyclization reaction to yield both 2,2-dimethylpyrano-and 2,3-dihydro-2-isopropenylfuranopterocarpans not via an epoxy-intermediate but directly.
E x p erim en ta l
Except where indicated preparative TLC (PTLC) was carried out on silica gel using the fol lowing solvent systems: CAAm = CHC13-aceto n e-co n c. aq. N H 3 (35:30:1), CM = CHC13-MeOH (25:1), PEAa = n-pentane-diethyl e th e rglacial AcOH (75:25:4) and CAEM = CHC13-ac eto n e-E tO A c-M e O H (40:5:5:2).
Extraction and isolation o f isoflavonoids
For details o f the extraction procedure, and ini tial silica gel column fractionation of lupin isoflavonoids, see ref. [4] , Column fraction (Fr)-8 and a portion o f subfractions Fr'-4 and F r-5 (from Fr-6 + Fr-7) were combined (2.3 g) and subjected to further column chrom atography over Florisil (120g moistened with 5% H 20 , w/w). The third and fourth fractions (each 75 ml) eluted with 50% EtOAc in benzene were combined and reduced to dryness. The residue (42 mg) was chrom ato graphed (PTLC) in CAAm to give 8 bands. Elu tion (EtOAc) and re-PTLC o f band 1 (R( approx. 0.85) in CM yielded lupinisoflavone K (2, 3.1 mg, R{ 0.83), a minute am ount of lupinisoflavone L (3, /?t-0.73) and the known lupinisoflavone H (2.6 mg, R ( 0.59) [4] . Bands 2, 3, and 7 from the CAAm chrom atogram were respectively identified as parvisoflavone B (9.6 mg, R f 0.62) [2] , lupinisofla vone J (5.3 mg, /?f 0.50) [4] and lupinisol B (6.7 mg, Rt 0.19). Band 6 (R{ 0.27) contained a new com pound which was purified by PTLC in CM to yield 1.4 mg of a colorless powder (lupinalbin G, 1, R { 0.34). The identity of material constituting bands 4 (R{ 0.38), 5 (/?f 0.33) and 8 (R { 0.10) could not be established.
Another new isoflavone (4) was isolated from Fr-9 (2.2 g) [4] Our earlier paper [4] dealt only with the constit uents in the initial silica gel column fractions up to Fr-9 (eluted with 30% EtOAc in benzene). Follow ing the collection of Fr-9, any remaining isofla vonoids were eluted from the column (all fractions 250 ml each) as follows: :1, x 4) . Column fraction Fr-19 yielded 3 mg of 6, and 14.5 mg of 7.
Physico-chemical properties o f the new lupin isoflavonoids
For spectroscopic details (instrum entation etc.), see our earlier papers [2] [3] [4] 9] .
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